cause of cancer mortality in the United States and the second leading cause of cancer mortality worldwide. Sorafenib is the only food and drug administration (FDA) approved as first line systemic treatment in HCC. Regorafenib and nivolumab are the only FDA approved second line treatment after progression on sorafenib. We will discuss all potential first and second line options in HCC. In addition, we also will explore sequencing treatment options in HCC, and examine biomarkers that can potentially predict benefits from treatments such as immune checkpoint inhibitor. This minireview summarizes potential treatments in HCC based on clinical trials that have been published in manuscript or abstract format from 1994-2018. Author contributions: Wu J provided the concept, the outline, the structure, major references for this manuscript and provided critical revisions for this manuscript; Contratto M drafted the majority of the manuscript and incorporated several revisions based on feedback from Wu J; all authors approved the final manuscript.
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MINIREVIEWS
Targeted therapy or immunotherapy? Optimal treatment in hepatocellular carcinoma
Merly Contratto, Jennifer Wu cause of cancer mortality in the United States and the second leading cause of cancer mortality worldwide [1] . Sorafenib has been the only food and drug administration (FDA) approved first line treatment in HCC since 2007. Lenvatinib is another promising treatment in first line HCC, demonstrated non-inferiority in median overall survival (mOS) compared to sorafenib [2] . Nivolumab also might have activity in first line HCC. In the second line treatment of HCC, there are 2 FDA approved medications regorafenib and nivolumab. In addition, other targeted therapies such as cabozantinib or pembrolizumab might be beneficial in second line treatment of HCC.
We will discuss the options of systemic treatment in HCC both for first and second line, the optimal sequencing of treatments, their side effects, and potential biomarkers that may predict benefits of therapy.
FIRST LINE SYSTEMIC TREATMENT IN HCC
Sorafenib is a tyrosine kinase inhibitor that inhibits vascular endothelial growth factor receptor 1 (VEGFR1), VEGFR2, VEGFR3, platelet-derived growth factor receptorbeta, KIT and RAF/ mitogen-activated protein/MEK. In the phase Ⅲ (SHARP trial) of 602 HCC patients with Child Pugh Class A (preserved liver function), mOS in sorafenib was 10.7 mo [3] . Although it is the first line and only therapy that improves mOS in first line patients, most of patients could not tolerate at the full dose of sorafenib due to the side effects. In the oncology community, most patients are started on lower dose, for example 200 mg PO BID with potential up titration. The most common adverse events (AEs) were diarrhea (39%), fatigue (22%), hand-foot skin reaction (21%), rash (16%), and alopecia (14%) [3] . The common grade 3/4 AEs were hypophosphatemia (11%), diarrhea (8%), hand-foot skin reaction (8%), thrombocytopenia (4%), and hypertension (2%) [3] . Even though there was no difference in survival benefits whether or not patients are started at a full dose (400 mg BID) or reduced dose (200 mg BID), it improved costeffective in sorafenib treatment [4, 5] . Therefore sorafenib is most beneficial for patients with Child Pugh Class A with preserved liver function. In a retrospective subanalyses of phase Ⅲ SHARP study, sorafenib has shown mOS of 14 mo in HCV patients [6] . In the SHARP study, the top 3 risk factors for HCC in the sorafenib group were Hepatitis C (29%), alcohol (26%), and hepatitis B (19%). In the phase Ⅲ of Asia Pacific study in 226 HCC patients with Child Pugh Class A, up to 73% patients were HBV positive. This study reported the mOS was 6.5 mo in sorafenib vs 4.2 mo in placebo group [7] . In a retrospective study of 59 unresectable HCC patients who received sorafenib that included Child Pugh Class A (26), B (23), and C (10) [8] .
The mOS were 8.3, 4.3, and 1.5 mo, respectively [8] . In this study, the top 3 risk factors for HCC were alcohol (38%) and viral hepatitis B/C (26%). This retrospective study suggested that sorafenib may exert the maximum benefit in Child Pugh Class A patient, regardless of etiology for HCC.
Some of the side effects emerged from sorafenib suggested that hypertension (HTN) and diarrhea may be correlated with efficacy. In a retrospective study in 41 HCC patients (Child Pugh Class A/B, 25/16 patients), showed development of HTN led to better response to sorafenib treatment, with mOS of 18.2 mo vs 4.5 mo in patients without HTN [9] . Another retrospective study in 112 patients with advanced HCC showed that diarrhea can also predict the response to sorafenib treatment as well. Patients with diarrhea demonstrated longer mOS of 14.1 mo vs 7.1 mo when compared to patients without diarrhea [10] .
POTENTIAL FIRST LINE SYSTEMIC TREATMENT OPTIONS IN HCC
Lenvatinib is a multiple kinase inhibitor that inhibits VEGFR 1-3, fibroblast growth factor receptor 1-4, platelet derived growth factor receptor (PDGFR) alpha, c-Kit and RET proto-oncogene. In the randomized phase Ⅲ (REFLECT) study of lenvatinib vs sorafenib in first line treatment of unresectable HCC in 954 patients (1:1) with Child Pugh Class A, it showed mOS in lenvatinib vs sorafenib was 13.6 mo and 12.3 mo, respectively. It met its primary endpoint of non-inferiority and it achieved the secondary endpoints with the median progression free survival (PFS) of 7.4 mo vs 3.7 mo and the time to progression (TTP) was 8.9 mo vs 3.7 mo [2] . The most common AEs were hypertension (42%), diarrhea (39%), decreased appetite (34%), decreased weight (31%), and fatigue (30%) [2] . The common grade 3/4 AEs were hypertension (23%), decreased weight (8%), decreased platelet count (6%), elevated aspartate aminotransferase (5%), and decreased appetite (5%) [2] . The usage dose is oral 8 mg (weight < 60 kg) or 12 mg (weight ≥ 60 kg) once daily. In the phase 2 study of lenvatinib in 46 HCC patients with Child Pugh Class A, the objective response rate (ORR) was 37% [11] . The most common causes of HCC in phase 2 study were Hepatitis C (58.7%), Hepatitis B (32.6%), and Alcohol (4.3%).
Nivolumab is an immune checkpoint inhibitor that inhibits PD-1. In a phase Ⅰ/Ⅱ study (CHECKMATE 040) of nivolumab in advanced HCC patients in the doseexpansion phase, there were 56 sorafenib naïve patients. All patients were uninfected with viral hepatitis (55 with Child Pugh Class A and only 1 Child Pugh Class B) [12] . This study showed ORR of 23% and OS rate of 82% at 9 mo [12] . Nivolumab showed 23% of partial response (PR) in HCC sorafenib naïve patients, it could be considered as a potential first line treatment [12] . It demonstrated that nivolumab might be beneficial for first line treatment in HCC patients. A phase Ⅲ study of nivolumab compared to sorafenib as a first line treatment is ongoing.
SECOND LINE TREATMENT OPTIONS IN HCC
Regorafenib, is an oral multikinase inhibitor specifically inhibits VEGFR-1, 2, 3. It was approved by FDA on April 27, 2017 as a second line treatment in HCC patients who have been previously progressed with sorafenib. In this study, the median treatment time on first line sorafenib was 7.8 mo for both patient groups [13] . This study showed mOS of 10.6 mo in regorafenib groups (379) vs 7.8 mo in placebo groups (194) [13] . The median PFS was 3.1 mo in regorafenib vs 1.5 mo in placebo group [13] . The ORR in regorafenib group was 11% [13] . In the phase Ⅲ (RESORCE) study of regorafenib in 573 HCC patients with Child Pugh Class A, the most common AEs were hand-foot skin reaction (52%), diarrhea (33%), fatigue (29%), anorexia (24%), and hypertension (23%) [13] . The common grade 3/4 AEs were hypertension (13%), hand-foot skin reaction (13%), fatigue (6%), increased blood bilirubin (6%), and increased AST (4%) [13] . The etiologies of HCC in this study were hepatitis B (38%), alcohol use (24%), and hepatitis C (21%) [13] . In this study (RESORCE) showed that 199 patients out of 374 patients who received regorafenib had experience of hand-foot skin reaction during cycle 1, these patients had better mOS of 14.1 mo vs 6.6 mo in patients who did not experience hand-foot skin reaction. It also showed HR of 0.52 [14] . It suggests that hand-foot skin reaction should be managed properly to get a better response of regorafenib and mOS benefit.
Nivolumab, is an immunotherapy that inhibits PD-1. It was granted approval by FDA on September 22, 2017 as a second line systemic treatment in HCC patients who have been treated with or intolerant to sorafenib. The phase Ⅰ/Ⅱ study of nivolumab with dose escalation that included 48 patients with Child Pugh Class A and B7, in addition to dose expansion in 214 patients (Child Pugh Class A) [12] . In the dose-escalation phase, ORR was 15%, 6 mo and 9 mo OS rates were both 66%, and mOS was 15 mo [12] . In the dose expansion phase, ORR was 20%, 6 mo and 9 mo OS rates were 83% and 74%, only the group in sorafenib progressor without viral hepatitis reached mOS of 13.2 mo and the rest of the groups did not reach mOS [12] . In the dose expansion phase, the patients were divided into 113 patients without HBV or HCV (56 untreated/intolerant of sorafenib and 57 progressed post sorafenib) [12] . In addition, this phase also included 51 patients with HBV and 50 patients with HCV [12] . The study demonstrated transient decreased HCV RNA in some HCV infected patients and no reactivation in HBV infected patients. The most common AEs were fatigue (25%), pruritus (20%), diarrhea (18%), rash (11%), and increased AST level (11%) [12] . The grade 3/4 AEs were increased AST (4%), rash (2%), diarrhea (2%), and fatigue (2%) [12] . The dose is 3 mg/kg (240 mg) every 2 wk.
In a retrospective analysis of this study, PD-L1 was showed as biomarker that predicted response to nivolumab in 174 out of 214 patients. The ORR was 26% vs 19% in patients with PD-L1 ≥ 1% compared with PD-L1 < 1%, it suggested that PD-L1 could be a potential biomarker associated with nivolumab treatment [12] . Cabozantinib is an oral tyrosine kinase inhibitor including VEGFR, MET, RET, KIT, and FLT3. In the phase Ⅲ (CELESTIAL) study of cabozantinib vs placebo in 707 HCC patients with Child Pugh Class A who previously received sorafenib [15] . The characteristics of the patients were the median age of patients was 64 years, 82% male patients, 38% HBV infected, 25% HCV infected, 78% had extrahepatic spread, 30% had macrovascular invasion, and 27% had received two prior systemic therapy [15] . This study has achieved mOS of 10.2 mo in cabozantinib vs 8 mo in placebo group [15] . It also achieved median PFS of 5.2 mo in cabozantinib vs 1.9 mo in placebo group, and ORR of 4% in cabozantinib group vs 0.4% in placebo group [15] . The most common grade 3/4 AEs were hand-foot syndrome (17%), HTN (16%), increased AST (12%), fatigue (10%), and diarrhea (10%) [15] . It suggested that cabozantinib has the potential to be an effective treatment for second line HCC.
Pembrolizumab is an immunotherapy that inhibits PD-1. In the Phase 2 study (KEYNOTE-224) of Pembrolizumab in 104 HCC patients with Child Pugh Class A who progressed on sorafenib treatment. The primary endpoint of this study was achieved with ORR of 16.3% with 1 CR [16] . The median PFS was 4.8 mo and the 6 mo PFS and OS rates were 43.1% and 77.9%, respectively [16] . About 94% of patients who responded, continue to respond at 6 mo [16] . The most common AEs were fatigue (21.2%) and increased AST (12.5%) [16] . The etiologies of HCC were HBV (21.2%) and HCV (26%) [16] . The grade 3-5 AE was reported in 25% of patient with 1 death due to ulcerative esophagitis [16] . This study showed that pembrolizumab might have a good response in advanced HCC patients who progressed on sorafenib.
Ramucirumab is a fully monoclonal antibody (IgG1) that inhibits VEGFR2. In the phase Ⅲ study of ramucirumab vs placebo as a second line treatment in 565 HCC patients with Child Pugh Class A (REACH) [17] . Eventhough there was no significantly improvement in mOS between patients who received ramucirumab vs placebo (9.2 mo vs 7.6 mo), ORR in ramucirumab group was higher than the placebo group (7% vs < 1%) [17] . The most common AEs were peripheral edema (36%), liver injury (30%), bleeding or haemorrhage (26%), ascites (22%), and fatigue (21%) [17] . The grade 3/4 AEs were liver injury (14%), hypertension (13%), ascites (5%), bleeding or haemorrhage (5%), and asthenia (5%) [17] . The etiologies of HCC in this study were Hepatitis B (35%) and Hepatitis C (27%) [17] . In the prespecified subgroup retrospective analysis of 250 patients with α-fetoprotein (AFP) ≥ 400 ng/mL, the mOS was 7.8 mo (ramucirumab group) vs 4.2 mo (placebo group) [17] . It suggested that ramucirumab could be beneficial in HCC patients with AFP ≥ 400 ng/mL. AFP can potentially be used as a biomarker to predict the response of ramucirumab treatment in HCC patients. A phase Ⅲ study looking for HCC patients with AFP ≥ 400 ng/mL not prespecified is ongoing.
sorafenib, nivolumab could be a good option as a second line treatment, it achieved ORR of 15%-20%. Nivolumab will be beneficial in patients with Child Pugh Class A/B7. Nivolumab achieved higher RR in PD-L1 ≥ 1% (positive) compared to tumors with PD-L1 < 1% (negative), 26% and 19% respectively. However nivolumab does not seem to offer differential outcomes regardless of the length of treatment on first line therapy. Even though cabozantinib or pembrolizumab or ramucirumab have not been FDA approved at this time. Once become FDA approved, then cabozantinib or pembrolizumab could be other second line options. If the phase Ⅲ study in HCC patients with AFP ≥ 400 ng/mL shows improvement mOS with ramucirumab, then the strategy for second line treatment may include testing of AFP. For patients with AFP ≥ 400 ng/mL, ramucirumab could be a second line option.
Lenvatinib has shown non-inferiority to sorafenib in a phase Ⅲ study, therefore it would be a first line treatment in HCC if granted FDA approval. It could be a good alternate to sorafenib for patients who prefer to have less hand-foot syndrome and/or diarrhea. Once patients progress, the second line treatment options are nivolumab (in patients with Child Pugh Class A or B7 only and PD-L1 +) and regorafenib (in Child Pugh Class
SEQUENCING TREATMENTS IN HCC IN THE FUTURE
Sorafenib is the only FDA approved first line treatment in HCC. It is beneficial in HCC patients with Child Pugh Class A and especially in patients with HCV. As demonstrated in a retrospective analysis of HCV patients which comprised 29% of the total patient populations in SHARP study, the mOS was 14 mo, while mOS of the overall population was only 10.9 mo. When patients experience side effects such as HTN or diarrhea, these side effects should be managed aggressively to minimize premature discontinuation of sorafenib. In a two retrospective studies in patients who had HTN or diarrhea were linked to a better mOS compared to patients who did not experience HTN or diarrhea. For instance, the mOS in HTN group was 18.2 mo vs 4.5 mo in group without HTN, the mOS in patients with diarrhea was 14.1 mo vs 7.1 mo in patients without diarrhea (Figure 1 ).
If patients with Child Pugh Class A tolerate sorafenib well in the first line setting, regorafenib would be a good choice as a second line treatment due to similar toxicities profiles of the two medications. Regorafenib was only studied in patients with Child Pugh Class A. For patients who have difficulty tolerating toxicities of 
Figure 1 Potential sequencing treatment options in hepatocellular carcinoma.
The only food and drug administration (FDA) approved for first line systemic treatment for hepatocellular carcinoma (HCC) is sorafenib. If patients tolerate sorafenib well and could stay on therapy for at least 7 mo, regorafenib (FDA approved) would be a preferred second line option. If patients could not tolerate sorafenib well or received less than 7 mo of treatment with sorafenib, the next second line options will be nivolumab (FDA approved) and could be cabozantinib or pembrolizumab after get approval by FDA. Another potential first line option will be lenvatinib or nivolumab after get approval by FDA. If patients progress on lenvatinib, then second line options will be nivolumab, regorafenib, cabozantinib, pembrolizumab. For patients who progress on nivolumab, then second line options will be regorafenib, cabozantinib, pembrolizumab. Another possible option of second line treatment after patients progress after the above first line treatment could be ramucirumab if the phase Ⅲ study shows improvement of mOS in HCC patients with AFP ≥ 400 ng/mL. FDA: Food and drug administration; mOS: Median overall survival; RR: Response rate.
< 7 mo in first line
A). Other potential second line options are cabozantinib, pembrolizumab, or ramucirumab. Nivolumab as first line treatment if granted FDA approval, it will be beneficial for patients who have no contraindication to immunotherapy or who have severe HTN at baseline. If patients could not tolerate or progressed while on nivolumab, the second line options could be regorafenib. Other potential second line options are cabozantinib, pembrolizumab, or ramucirumab.
POTENTIAL BIOMARKERS TO MAXIMIZE THE RESPONSE OF TREATMENT IN HCC
AFP
AFP stands for alpha-feto protein, it is used as a diagnostic and prognosis marker in HCC patients. In a singleinstitution prospective study, preoperative value of AFP > 400 ng/mL in 108 resectable HCC patients, correlated with higher recurrence rates and lower survival rates at 2 years [18] . In a prespecified group of 250 HCC patients in a phase Ⅲ ramucirumab trial (REACH) with a baseline AFP ≥ 400 ng/mL, mOS of ramucirumab and placebo was 7.8 mo and 4.2 mo, respectively [17] . In the group (310 patients) where baseline AFP < 400 ng/mL, there was no difference in mOS between ramucirumab and placebo. Therefore, AFP could be used as a marker to predict response with ramucirumab treatment. Phase Ⅲ of ramucirumab study is ongoing in HCC patients with AFP ≥ 400 ng/mL and the mOS benefit needs to be validated in patients with AFP ≥ 400 ng/mL, once the preliminary data is available.
PD-L1
A programmed death ligand-1 could be a potential biomarker to predict the efficacy of immune checkpoint inhibitors. PD-L1 can be detected using several assays, and the definition of PD-L1 positivity and the methodology of measuring PD-L1 are required to understand about the role of PD-L1 in HCC [19] . In a phase Ⅱ dose expansion cohort study of nivolumab in HCC patients either progressed or intolerant of sorafenib, RR was 26% vs 19% in patients with PD ≥ 1% and PD-L1 < 1%, respectively [12] . PD-L1 ≥ 1% therefore appears to indicate higher RR in HCC and it also predicts response of nivolumab treatment with mOS benefit.
FUTURE DIRECTION BIOMARKERS
Neoantigen
A tumor-specific mutated peptides on the surface of cancer cells initiate neoantigen production. Each tumor cell causes genetic mutations due to alteration of peptides (amino acid sequencing), it produces neoantigen signature that contains four amino acid strings of peptides [20] . Neoantigen signature is seen in patients with long term clinical benefit of therapy (no evidence of disease for > 6 mo) [20] . Neoantigen was investigated using whole exome sequencing in DNA of tumor cell. Neoantigen can be used as a biomarker to predict the response to immune checkpoint inhibitor treatment. The higher number of neoantigen in a tumor that binds to major histocompatibility complex (MHC) class Ⅰ, it would be recognized easier by T cells to activate T cells. A prospective study of 18 non-small cell lung cancer (NSCLC) samples from patients who received pembrolizumab (anti-PD-1, an immunotherapy), high mutational burden related to high neoantigen (median of 112 candidate neoantigen per tumor) and associated with improvement of PFS for 14.5 mo [21] . This study showed high mutational burden at least 200 nonsynonymous mutations (mutations that altered protein in cancer cells) per sample, it related to durable clinical benefit (partial or stable response > 6 mo). High mutational burden by itself was not enough to predict durable clinical benefit, because in a few patients without durable clinical benefit also had high mutational burden. In addition to high mutational burden, high number of neoantigen was a better prediction of treatment response. It showed better PFS in patients with high neoantigen compared to low neoantigen group, with PFS of 14.5 mo vs 3.5 mo, respectively [21] . Another prospective study in 64 stage Ⅳ melanoma patients who received ipilimumab or tremelimumab (anti-CTLA-4) demonstrated long term clinical benefit in 11 out of 25 patients with high number of mutational load, in addition 14 patients with high number of mutational load without long term clinical benefit [20] . In the second set of 39 melanoma patients who received anti-CTLA-4, 25 patients with high neoantigen had long term clinical benefit to anti-CTLA-4 [20] .
Tumor mutational burden
Tumor mutational burden (TMB) refers to DNA sample that can be detected in blood, and it is considered one example liquid biopsy. This non-invasive test is helpful and convenience especially if tumor tissue is inadequate. This biomarker might help to predict the response of immune checkpoint inhibitor. In a retrospective analysis of atezolizumab (anti-PD-L1) in NSCLC patients, blood was used to extract TMB to predict benefit in patients who received atezolizumab. It included 211 NSCLC patients in POPLAR and 583 NSCLC patients in OAK trial [22] . The TMB was minimum 10 single nucleotide variants (SNV) from cell free-DNA in plasma. In the POPLAR study, patients with TMB ≥ 10, the atezolizumab group showed better PFS hazard ratio (HR) of 0.68 and OS HR of 0.59 compared to docetaxel group [22] . In the OAK study, PFS and OS were also better in the atezolizumab group compared to docetaxel group with HR of 0.73 and 0.69, respectively [22] . From this data, tumor mutational burden could be beneficial as a biomarker for the efficacy of immune checkpoint inhibitor. Prospective studies using TMB in NSCLC patients are ongoing. It needs further investigation for HCC patients in the future.
Interferon gamma
A cytokine that is produced by several cells including CD4+ T helper cell type 1 (Th1 cells), CD8+ cytotoxic T cell, macrophage, mucosal epithelial cell, natural killer cell (NK), and NK T cell [23] [24] [25] . It inhibits cellular proliferation and causes apoptosis [26] . A study in 48 HCC patients who received curative treatment (surgery/RFA), a higher risk of tumor recurrence was observed in patients with lower levels of interferon gamma (IFN-γ) [27] . IFN-γ can therefore be a potential marker to predict HCC recurrence. In two prospective studies from 17 NSCLC and 21 melanoma patients who received pembrolizumab (anti-PD-1), these studies analyzed IFN-γ mRNA to predict response treatment of pembrolizumab. It showed longer PFS and OS in NSCLC patients with high level vs low level of IFN-γ (5.12 vs 2 mo; 10.15 vs 4.86 mo). It also showed longer PFS in melanoma patients with high level vs low level of IFN-γ (4.99 mo vs 1.86 mo) [28] .
CONCLUSION
HCC is the second leading cause of cancer mortality worldwide. Sorafenib is the only FDA approved first line treatment in unresectable HCC. Sorafenib has shown median OS response in HCC patients with HCV infection. There are others potential first line treatments in HCC such as lenvatinib and nivolumab, although not FDA approved, hold great promise based on phase Ⅲ studies. The second line treatments of HCC patients who progressed or intolerant to sorafenib, include regorafenib and nivolumab. Regorafenib demonstrated higher median OS in HCC patients who tolerated sorafenib for at least 7 mo. Nivolumab has been reported to be more beneficial in HCC patients with Child Pugh Class A/B7, and achieved higher RR in patients with PD-L1 ≥ 1%. Other potential options for second line treatments are cabozantinib (phase Ⅲ) or pembrolizumab (phase Ⅱ).
There are two current biomarkers that used to predict response of treatment such as PD-L1 and AFP. For instance, PD-L1 indicates higher RR in nivolumab study, and AFP ≥ 400 ng/mL shows a trend for higher median OS in ramucirumab subgroup analysis phase Ⅲ study. In addition, other future biomarkers that might be used to predict response of treatment are neoantigens, tumor mutational burden and IFN-γ. These biomarkers need further validation in large randomized clinical trials.
